Measurement of the radiological hip joint space width. An evaluation of various methods of measurement  by Conrozier, T. et al.
Osteoarthritis and Cartilage (2001) 9, 281–286
© 2001 OsteoArthritis Research Society International 1063–4584/01/030281+06 $35.00/0
doi:10.1053/joca.2000.0386, available online at http://www.idealibrary.com onMeasurement of the radiological hip joint space width. An evaluation of
various methods of measurement
T. Conrozier*, M. Lequesne†, H. Favret‡, A. Taccoen§, B. Mazie`res\, M. Dougados¶, M. Vignon‡
and E. Vignon*
*Service de rhumatologie, Centre hospitalier Lyon-Sud, Pierre-Be´nite, France
†Service de rhumatologie, Hopital Leopold Bellan, Paris, France
‡Laboratoire d’exploration et de morphome´trie articulaire (LEMA), Centre hospitalier Lyon-Sud, Pierre-Be´nite,
France
§Laboratoires Negma, Toussus-le-Noble, France
\Service de rhumatologie, Centre hospitalier Universitaire Rangueil, Toulouse, France
¶Service de rhumatologie, Hopital Cochin, Paris, France
Summary
Objective: To determine the most relevant method of measurement of the radiographic hip joint space width (JSW).
Design: Seventy hips were examined from 36 patients of the ECHODIAH study having had one to four X-rays of the pelvis during the 3-year
course of the study. Minimum interbone distance (MIDc), mean width of both the whole joint space (MJSWL) and a region of interest of the
joint space (MJSWroi) were measured using computerized analysis of digitized radiographs. MID was also measured using a graduated
eyepiece (MIDge). Reproducibility of the measurement was assessed by the intraclass coefficient of correlation. Sensitivity to change was
evaluated by the standardized response mean.
Results: The intraobserver intraclass coefficient of correlation of MIDc and MJSWroi was 0.98 and 0.94, respectively. The mean value±S.D.
of MJSWL, MJSWroi, MIDc and MIDge was 3.3±0.9, 2.6±0.9, 2.4±0.9 and 2.6±1.2 mm, respectively. MIDge was significantly larger than
MIDc (mean difference: 0.21±0.62 mm, P<0.001), in both normal and osteoarthritic hips. However, the difference between MIDge and MIDc
varied largely when considering topography of femoral head migration. Whatever the method was, a significant (P<0.001) mean decrease
of nearly 0.5 mm was found in osteoarthritic hips over the 3 year follow-up. The standardized response mean for MJSWL, MJSWroi, MIDge
and MIDc was 0.73, 0.75, 0.79 and 0.85, respectively. Superiority of MIDc, in term of sensitivity to change, was mainly seen in osteoarthritic
hips showing a superomedial or a concentric migration of the femoral head.
Conclusion: Minimum interbone distance measured with a computer assisted method is suggested as the most suitable method for the
evaluation of hip osteoarthritis (OA) progression. © 2001 OsteoArthritis Research Society International
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Medical treatment of osteoarthritis (OA) is a rapidly growing
field of interest. The possibility of an effective medical
treatment of OA is now seriously considered. A clear
distinction between symptom modifying OA drugs and
structure modifying OA drugs (STMOADs) has been well
established1,2. Evaluation of STMOADs presents challeng-
ing and exciting clinical trial methodologic issues. Guide-
lines for radiographic evaluation of structural aspects of OA
have been developed1–5. The target of STMOADs can be
one of the various lesions of OA, mainly cartilage destruc-
tion, osteophytes, bone sclerosis, cysts and bone attrition.
However, progression of hip cartilage destruction has been281correlated with the requirement for total joint replacement6
and chondroprotection is widely accepted as the main
target of STMOADs.
New methods of joint imaging are in progress, but at
present standard radiography is still the gold standard.
Various scores for assessment of joint space narrowing has
been proposed7–10 but are less sensitive than measure-
ment of joint space width (JSW). Measurement of the
minimum interbone distance (MID) of the joint space with
the help of a graduated eyepiece is the most ancient
method11,12. MID can also be automatically measured by
an image analysis system. Such a method has been
developed for the femorotibial joint13,14. Other image analy-
sis systems, developed for the knee and the hip joint15–17
offer, via an automatic or semiautomatic measurement of a
surface area, the possibility of measuring the mean width of
the joint space (MJSW). A comparative evaluation of the
relative merits of the various methods is still lacking.
The present study is an evaluation of various methods of
measurement of the hip JSW. MID and MJSW were
respectively measured using a graduated eyepiece and an
image analysis system according to a previously reported
method12,16. MID and MJSW were also evaluated by using
a novel semiautomatic method of measurement and by
measuring MJSW in a restricted area of interest of the joint
space.
Patients and methods
PATIENTS
Anteroposterior X-rays of the pelvis were obtained from
patients of the ECHODIAH study18. Thirty-six patients (21
men, mean age 64.5) of the 507 patients included in the
study were selected at random among representative
patients of the study for joint space narrowing rate, pattern
of femoral head migration and treatment (diacerhein or
placebo). Both the right and left hips were measured when
possible. A total of 70 hips, 15 normal and 55 osteoarthritic,
were measured. Patients had a radiograph of the pelvis
made yearly during the 3-year follow-up study using a
standardized procedure (weight-bearing position with 20°
internal rotation of the feet)19. They had from one to four
X-rays, since among the selected patients some did not
complete the study. The mean period of radiographic
follow-up was 29 months (range 0–36 months) and 256 hip
radiographs were available for measurement. Pelvis X-rays
were cut into two parts, the right and left hips being kept
separately. X-rays of the same hip were put into a unique
box but identiﬁcation of patient and date of the X-rays were
blinded.
X-rays were read by the same observer (EV) for deﬁni-
tion of OA and topography of femoral head migration.
Radiographic criteria for osteoarthritis (OA) were a deﬁnite
osteophyte and an evident narrowing of the joint space.
Migration of the femoral head of OA hips was classiﬁed as
superolateral, superomedial or concentric. Among the 256
X-rays, 28 were selected at random for the assessment of
reproducibility. Among the 55 OA hips, six had only radio-
graph at baseline and 49 were available for the evaluation
of joint space narrowing progression.
MEASUREMENT OF THE JOINT SPACE WIDTH
The smallest joint space width, i.e. MID, was measured
by a single experienced observed (ML), according to his
most recent method12. First, the observer considered a
series of views of the same hip and visually determined
the view demonstrating the largest decrease in joint space.
The topography of the site of MID of that view was marked
on the ﬁlm with a pencil and the mark was then reproduced
at the same place on the other ﬁlms. MID was measured at
the site indicated by the mark using a 0.1 mm graduated
eyepiece (MIDge).
Both mean width of the joint space and MID were
measured by using a previously reported15,16 and a new
image analysis system. Measurements were made by
the same observer (HF) blinded to patient’s identity,
radiographic sequence and results of the eyepiece
measurements.
Mean width of a large area (MJSWL) of the joint space
was measured as previously reported15,16. Brieﬂy, the
X-ray to be analysed was digitized at a resolution of
600×1200 ppi (giving a pixel size of 0.004 mm) and 4096
grey levels (HoLy’S software, ACTIBASEY, Lyon, France).
Subtraction and ×3 magniﬁcation were performed to obtain
a very clear outline of the joint space. The joint space
contours were delineated with the mouse on the superior
convex margin of the femoral head and the inferior margin
of the acetabulum within an angle whose summit was
the center of the femoral head (automatically given by the
computer from three peripheral points drawn using the
mouse) and that included the whole superior joint space
from the internal boundary to the external end of the
acetabulum. This angle might vary between subjects but
remained unchanged in serial radiographs of a single
patient. MJSWL and MIDc were automatically given by the
computer. Because several radiographs of a same subject
had to be compared, it was necessary to look for possible
differences in magniﬁcation of the hip and to make
adequate corrections. This was done, if necessary, by
measuring the femoral head radius FHR of each ﬁlm and
then by calculating the ratio FHR of the measured ﬁlm
divided by FHR of the reference ﬁlm.
MJSW was also measured in a restricted region of
interest (MJSWroi) of the joint space. The measurement
was made automatically within an angle of 10° including the
site of MIDc and whose summit was the center of the
femoral head (Fig. 1). Reproducibility of MIDge and MJSW
has been reported previously12,16. Reproducibility of the
two new parameters, MIDc and MJSWroi, was evaluated
by a second measurement of 28 hips selected at random.
The two measurements were made blind, at different days,
by the same observer (HF).
STATISTICAL ANALYSIS
Reproducibility of the measurement of MID and MJSWroi
was assessed by an intraclass coefficient of correlation.
Comparison between groups was made with analysis of
variance and Student’s paired t-test. Sensitivity to change
was evaluated by the standardized response mean
(SRM=mean change/standard deviation of change).
MID
α = 10°
Fig. 1. Hip joint space width measurement using a computer
analysis system of digitized radiograph. The joint space contours
are delineated from the hip fossea to the external end of the
acetabulum to obtain automatically joint space area (JSA) and
mean joint space width (MJSW) of the whole joint space and
minimum interbone distance (MID). A 10° angle, whose summit is
the center of femoral head (not seen on the photograph) and
including MID, enables the area and mean width of the region of
interest to be obtained.
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The intraclass coefficient of correlation for MIDc and
MJSWroi was 0.98 and 0.95, respectively (Figs 2 and 3).
Results were also analysed by the method of Bland and
Altman (Fig. 4). The diagram showed that the difference
between the two measurements was unrelated to the width
of the joint space and never exceeded 0.3 mm (i.e. two
standard deviations) for MIDc.WIDTH OF THE HIP JOINT SPACE
Mean values and standard deviations obtained with the
various methods of measurement are given in Table I. As
expected, MJSWL was larger than MJSWroi (P<0.001) and
the latter was larger than MIDc (P<0.001). However, MID
was larger when measured with the eyepiece than when
measured by the computer. The mean difference was
0.21±0.62 mm (P<0.001). Values obtained with MIDge
and MJSWroi were very close and were not statistically
significantly different. Similar results were obtained when
analysing normal hips alone and OA hips alone.All measurements were highly correlated between them-
selves. The best correlation was found between MIDc and
MJSWroi (R2=0.97, P<0.0001). MIDc and MIDge were
well correlated (R2=0.81, P<0.001). A weak (R2=0.24) but
significant (P<0.01) correlation was found between the
different MIDge–MIDc and the mean of MIDge and MIDc.
Analysis of data with the method of Bland and Altman
demonstrated the magnitude of differences observed
between MIDge and MIDc. Differences exceeding two
standard deviations (1.3 mm) were chiefly observed when
JSW was thicker than 3 mm (Fig. 5).
Topography of femoral head migration of osteoarthritic
hips was superolateral, superomedial and concentrentic in
21, 17 and 11 cases, respectively. Results are given in
Table II. Whatever the figure was, MJSWL was larger than
MJSWroi. In contrast, the difference between MIDge and
MIDc varied according to the topography of joint space
narrowing. The difference (−0.16±0.50 mm) was not
statistically significant when migration was superomedial,
but was significantly different when the migration was
superolateral (0.28±0.51 mm, P<0.02) or concentric
(0.41±0.72 mm, P<0.008). The correlation between MIDc
and MIDge was always statistically significant (P<0.0001)
but differed according to the topography of femoral head
migration (R2=0.86, 0.62 and 0.56 when topography was
superolateral, superomedial and concentric, respectively).Fig. 2. Intraobserver reproducibility of the hip joint space width
measurement (minimum interbone distance) using a computer
analysis system of digitized radiographs. Twenty-eight X-rays
measured blind, twice at 8 days’ interval by a single observer.
(ICCC: intraclass coefficient of correlation.)Fig. 3. Intraobserver reproducibility of the hip joint space width
measurement (mean width of the region of interest) using a
computer analysis system of digitized radiographs. Twenty-eight
X-rays measured blind, twice at 8 days’ interval by a single
observer. (ICCC: intraclass coefficient of correlation.)Fig. 4. Intraobserver reproducibility of the hip joint space width
measurement (minimum interbone distance) using a computer
analysis system of digitized radiographs. Twenty-eight X-rays
measured blind, twice at 8 days’ interval by a single observer.
(Bland and Altman plotting method.)Sensitivity to change
Progression of joint space narrowing in 49 OA hips (36
target hips and 13 contralateral osteoarthritic hips) was
evaluated by analysing data from the initial film and from
the final film. Results obtained with the four methods
of measurements are shown in Table III. A significant
(P<0.001) decrease in JSW was found for each parameter.
The mean magnitude of the decrease was about 0.5 mm,
whatever the method of measurement. The mean differ-
ence between the decrease demonstrated with the four
methods never exceeded 0.09 mm and no statistically
significant difference was found between any of the
methods. However, the standardized response mean of the
four methods was different, being 0.73, 0.75, 0.79 and
0.85, for MJSWL, MJSWroi, MIDge and MIDc, respectively.
A cut-off of 0.5 mm was chosen to discriminate progressors
(JSN>0.5 mm) and non-progressors (JSN<0.5 mm). The
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for MIDeg, MIDc, MJSWL and MJSWroi.
Progression in joint space narrowing was also analysed
with respect of the topography of femoral head migration.
Results are given in Table IV. No statistically significant
difference was found between any of the methods. How-
ever, the standardized response mean of MIDge was found
to be the best one in hips showing superolateral migration
(SRM=1.33) but also the worst one when migration
was superomedial or concentric (SRM=0.63 and 0.33,
respectively).Table I
Mean values (and standard deviations) of the hip joint space width obtained with the various methods of
measurement in normal (60 radiographs) and osteoarthritic (196 radiographs) hips
Mean JSW MID
Large ROI Computer Eyepiece
All (N=256) 3.3±0.9 2.6±1.2 2.4±0.9 2.6±1.2
Normal (N=60) 3.82±0.52 3.30±0.60 3.10±0.60 3.44±0.74
OA (N=196) 3.02±1.10 2.26±1.06 2.03±1.03 2.15±1.33Fig. 5. Difference of minimum interbone distance of the hip joint
space according to the method of measurement: computer vs
graduated eyepiece measurement of 256 hip radiographs (Bland
and Altman plotting method.)Table II
Mean values (and statistical deviations) of the hip joint space width according to the pattern of the femoral head
migration in 196 osteoarthritic hip radiographs
N Mean width Minimum width
Large ROI Computer Eyepiece
Superolateral 86 2.41±1.11 1.67±0.99 1.45±0.92 1.55±1.07
Superomedial 65 3.33±0.77 2.39±0.70 2.15±0.68 1.97±0.89
Concentric 45 3.70±0.90 3.23±0.84 2.99±0.84 3.61±1.19Discussion
Radiological joint space width can be considered to
reflect articular cartilage width but its measurement is an
indirect method and the true value remains unknown. New
methods of measurement of JSW have to be evaluated by
comparison with an established technique rather than with
the true quantity but, whatever the results, one can not
conclude which measure is closest to the truth. However, ifthe degree of agreement between two methods is good, it
is logical to prefer the one giving the best reproducibility
and sensitivity to change.
Measurement of the minimum interbone distance of the
joint space using a graduated eyepiece is the most ancient
method for the assessment of joint space narrowing pro-
gression in hip OA. The coefficient of variation of the visual
method, determined by two readings of the same film by
the same observer has been variously evaluated between
3 and 9%12,20. Evaluation of a mean JSW, by measuring
the largest possible area of the hip joint space by an image
analysis system, has been developed to improve the repro-
ducibility of the measurement. Reproducibility of the com-
puterized method, determined by repeated measurements
of the same film by the same observer, was found quite
optimal, the coefficient of variation being 1.1%14,16. Other
theoretical advantages of the computerized MJSW over the
visual MID were the control of change in magnification in
different films of the same hip, less variation in relation to
change in both radiographic procedures and patient posi-
tioning, and still possible measurement when MID is nil.
The present work shows that the magnitude of change
with time of MIDge and MJSWL in osteoarthritic hips was
similar. However, the sensitivity to change was clearly
better with MIDge than with MJSWL, the standardized
response mean being 0.79 and 0.73 respectively. The
disappointing sensitivity to change of MJSW could be
explained by the fact that the measurement probably
includes normal areas remaining unaffected by the narrow-
ing of the joint space. In fact, sensitivity to change of
MJSWL was clearly better than that of MIDge in osteoar-
thritic hips showing a concentric migration of the femoral
head. Superiority of MID vs MJSW, in terms of sensitivity to
change, was also confirmed by measurements of MID with
the image analysis system. Superiority of MIDc vs MJSWI
was even more obvious with an SRM of 0.85 (vs 0.73).
Measurement of the mean width of the joint space in a
restricted area of interest (MJSWroi) has been developed
with the aim of improving the sensitivity to change of
MJSWL. Results were clearly disappointing. Sensitivity
to change of MJSWL and MJSWroi were quite similar.
Moreover MJSWroi was found less reproducible and less
sensitive to change than MIDc.
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between the two methods of measurement of the same
parameter, i.e. MID. As expected, MIDc and MIDge were
well correlated. However, MIDge was significantly larger
than MIDc. The mean difference between the two par-
ameters (0.21 mm) might be considered as negligible, but
the standard deviation of the differences was 0.62 mm and
a number of differences exceeded two standard deviations.
Data indicated that the difference between MIDge and
MIDc was mainly observed in normal hips and in osteo-
arthritic hips demonstrating a concentric migration of the
femoral head. Thus, the difference might be explained
simply by the fact that MID, when not obvious on X-ray, is
more accurately determined by the computer than by the
human eye. The poor correlation between MIDge and MIDc
in osteoarthritic hips showing a superomedial migration of
the femoral head can also be explained by the fact that
localization of MID in such hips is especially difficult.
Conversely, a weak but significant difference between the
two parameters was less clear in osteoarthritic hips show-
ing superolateral migration in which MID is much easier to
localize.
Progression of joint space narrowing in hip OA
was better demonstrated with MIDc than with MIDge
(SRM=0.85 and 0.79, respectively). This was particularly
evident in osteoarthritic hips showing a superomedial or a
concentric migration of the femoral head. Surprisingly,
however, the visual measurement was more sensitive than
the computer in superolateral osteoarthritic hips. The find-
ing can probably be explained by a difference between the
two methods of measurement. The computer is supposed
to regularly measure the MID of each film. Conversely, the
visual method implies that the true MID is only measured
on the film showing the largest joint space narrowing of the
hip. The reproduction of the site of MID of that film on the
other films does not necessarily imply that MID measured
on these other films is the true MID of the films. Analysis of
present data from superolateral osteoarthritic hips shows
that MIDge was larger than MIDc on the initial film(2.05+0.85 vs 1.83+0.75 mm, P=0.02), while MIDge and
MIDc of the last film were not significantly different
(1.16+1.06 and 1.21+0.99 mm). Thus, one can imagine
that the accurate topography of MID might vary with pro-
gression of osteoarthritic hips showing a superolateral
migration of the femoral head. Accordingly, the visual
method of measurement could artefactually exaggerate the
decrease with time in MID for these hips. The hypothesis
relies on the fact that the visual method does not regularly
measure the true MID of each film of the same hip: it does
not dismiss the possibility that MIDge could be more
relevant than MIDc.
In conclusion, the mean width of the joint space probably
remains an interesting parameter for the measurement of
normal hips and for the evaluation of change affecting the
whole joint space. For instance, mean joint space width and
area correlated better with biological markers of cartilage
metabolism than minimum interbone distance did (un-
published personal data). However, the minimum width of
the joint space is suggested as the optimal parameter for
the evaluation of progression of OA. The present study
suggests that minimum interbone distance measured with
a computer assisted method is the most suitable method
for the evaluation of hip OA progression. The largest
variations of joint space width over time were found in
patients with superolateral narrowing. These subjects are
probably those who have to be preferentially included in
structure-modifying drugs for OA studies.Table III
Joint space narrowing progression of the hip and standard response mean in 49 osteoarthritic hips (36 patients
with uni or bilateral hip osteoarthritis) according to the various methods of measurement of the hip joint space
Mean width Minimum width
Large ROI Computer Eyepiece
Initial 3.35±0.98 2.60±0.92 2.35±0.91 2.48±1.12
Final 2.76±1.19* 2.07±1.11* 1.85±1.07* 1.95±1.40*
SRM 0.73 0.75 0.85 0.79
*P<0.001. Difference initial value–final value. SRM: Standardized reponse mean.Table IV
Joint space narrowing progression of the hip and standard response mean according to the pattern of the femoral
head migration (superolateral, superomedial, concentric) in 49 osteoarthritic hips (36 patients with uni or bilateral
hip OA)
N Mean width Minimum width
Large ROI Computer Eyepiece
Superolateral 21 0.72±1.00 0.66±0.87 0.62±0.74 0.88±0.66
SRM 0.72 0.75 0.83 1.33
Superomedial 17 0.48±0.43 0.44±0.53 0.42±0.34 0.37±0.58
SRM 1.11 0.83 1.20 0.63
Concentric 11 0.46±0.77 0.38±0.52 0.38±0.49 0.17±0.51
SRM 0.59 0.73 0.77 0.33References
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